The micron-sized silicon nitride raw powder was ball-milled into submicron powders of different particle sizes, the silicon nitride ceramic balls were prepared by gas pressure sintering with cerium oxide and aluminium oxide as sintering aids. The microstructures and phase composition of the ceramic balls were characterized by SEM and XRD. The effects of particle size of silicon nitride powders on sintering properties and mechanical properties were investigated. The results show that the relative density, hardness and crushing load of silicon nitride ceramic balls increased with the decrease of the particle size of silicon nitride ceramic powder, and the ceramic balls prepared by small particle size have low porosity and uniform grains. The powder with the longest grinding time has a particle size of 0.40 m, and the density of the silicon nitride ceramic ball is 3.245 g/cm 3 , the hardness is15.2 GPa, the fracture toughness is 7.6 MPam -2 , and the crushing load ratio of the steel ball is 51.2%.
Introduction
Silicon nitride ceramic is a new type of advanced ceramic material. It has excellent performance compared with other materials. Its hardness was second only to diamond and its weigh is only 1/3 of steel. It also has high temperature resistance, corrosion resistance, wave transmission etc.. It was known as the best structural ceramics with best comprehensive performance. Silicon nitride also consider to be as an ideal material for manufacturing high-precision bearing rolling elements, which has been widely used in aerospace, precision machinery, petrochemical, etc. field due to its low density, corrosion resistance, wear resistance, insulation, magnetism and self-lubricating [1] [2] [3] . Silicon nitride ceramic balls are the most common ceramic bearing rolling elements. The performance of ceramic balls determines the service life, reliability and stability of the bearings [4] [5] .
Studies showed that the quality of silicon nitride powder can greatly affect the performance of silicon nitride ceramics [6] [7] . Optimizing the particle size distribution, crystal phase, purity, etc. of silicon nitride powder can effectively improve the performance of silicon nitride ceramic balls. Frank L. Riley et al pointed out that microscopic morphology of Si3N4 can be adjusted over a very wide range by careful control of / ratio and particle size distribution of silicon nitride powder [8] .
In this study, the micron silicon nitride raw powder was ball-milled into submicron powders of different particle size, and the particle size and micromorphology of the silicon nitride powder were characterized by laser particle size analyzer and scanning electron microscopy. Then, the silicon nitride ceramic balls were prepared by gas pressure sintering using cerium oxide and aluminum oxide as sintering aids. The microstructures and phase composition of the ceramic balls were characterized Figure  Figure 2a , th articles with the particles grinding for more uniform r grinding the er became ng for 12 50 of the e 2, SEM he size of a particle s became 24 hours m. original powd be seen that ase is the mai t all the diffr e α-phase sil o the β phase rocess with t ramic balls hed surface o eramic spher ball B0 is n ls B4, B12 a gure 5, meta ores in the m pores in the s were obse particle size l decreases c an be seen th all. As the creases cont g/cm 3 continues to increase. When the grinding time is 24hour, the hardness reaches a maximum value of 15.2 GPa. When grinding for 12hour, the toughness of the ceramic ball reaches a maximum value of 7.8 MPam -2 . This trend has been shown in previous studies a too high hardness corresponding to lower toughness [10] . Figure6b shows the Ratio of crushing load of silicon nitride ceramic ball. The ceramic ball B24 has the highest crushing load ratio, reaching 51.2% of the standard value of the bearing steel ball.
